Be and its protosolar irradiation origin. We consider two possible irradiation scenarios that could potentially lead to the observed LiBe-B isotopic compositions in PLACs. Although in situ irradiation of solids with hibonite chemistry seems to provide the simplest explanation, more high quality data will be needed for quantitatively constraining the irradiation history.
B ratios in 26
Al-free PLAty-hibonite Crystals (PLACs).
From these data, an initial Be and its protosolar irradiation origin. We consider two possible irradiation scenarios that could potentially lead to the observed LiBe-B isotopic compositions in PLACs. Although in situ irradiation of solids with hibonite chemistry seems to provide the simplest explanation, more high quality data will be needed for quantitatively constraining the irradiation history.
Introduction
Short-lived radionuclides (t 1/2 100 Myr) in the early Solar System provide important information about the astrophysical environment in which the Solar System formed. Among the short-lived radioactivities whose prior existence has been inferred in meteorites,
10
Be (decays to 10 B, t 1/2 = 1.5 Myr) and 7 Be (decays to 7 Li, t 1/2 = 53 days) are the two that exclusively require an irradiation origin (e.g. Fowler et al. 1961) . The stable isotopes of Li, Be and B are also made by irradiation, and the isotopic compositions of these elements are strongly energy dependent (Ramaty et al. 1996) . Thus, a quantitative understanding of the initial abundances and distributions of 10 Be and 7 Be, as well as the stable Li-Be-B isotopic compositions, would provide important constraints on the irradiation environment and processes in the solar nebula.
It is now well established that live

10
Be was present in various types of refractory inclusions when they formed, and that these inclusions had a range of inferred abundances of another short-lived radionuclide, , albeit with significant analytical errors in most cases (McKeegan et al. 2000; Sugiura et al. 2001; Marhas et al. 2002; MacPherson et al. 2003 ) in the solar nebula was reported by Chaussidon et al. (2006a) . Further surveys for 7 Be are needed for confirmation of its presence, and for a better understanding of its initial abundance and distribution in the solar nebula.
Live
10
Be in the early Solar System could have formed as a consequence of protosolar irradiation, with variable abundances in different objects arising from varied irradiation histories (e.g., McKeegan et al. 2000; Marhas et al. 2002; MacPherson et al. 2003; Chaussidon et al. 2006a; Liu et al. 2009a) . Alternatively, trapping of 10 Be-enriched Galactic Cosmic Rays (GCRs) by the magnetic fields of the progenitor molecular cloud core has been proposed as a source of 10 Be (Desch et al. 2004) . In this scenario, a uniform initial 10 Be/
9
Be ratio would exist in the solar nebula, which would allow Al ratios indicate that they probably formed ∼1×10 5 years after CAIs (Liu et al. 2009a) , and the change in of pervasive B contamination from surface cracks and the lack of uniform areas in these objects that are large enough to contain a typical ion microprobe spot (∼ 30 − 50µm; e.g., Liu et al. 2009a ). These problems can be overcome to some degree with the higher spatial resolution of the Cameca NanoSIMS ion probe. Here we report the results of Li-Be-B isotopic measurements in CM hibonites obtained with the CIW NanoSIMS 50L, and discuss their astrophysical implications.
Experimental
Hibonite grains were hand-picked from an acid residue of the Murchison meteorite (courtesy of Andy Davis, the University of Chicago). Of the 40 hibonite samples found, only 9 grains (2 SHIBs and 7 PLACs) that had large enough areas of hibonite (∼ 20 − 60µm across) were selected for measurements. (Herzog et al. 1997 ). However, they were insignificant compared to the analytical errors.
Results
The Li and B isotopic compositions and elemental concentrations of the measured grains are reported in Table 1 Be, so far the most precise initial ratio for CM PLACs, is ∼40% lower than the best constrained value (8.8±0.6)×10
−4
for CV CAIs, whereas the initial 10 B/
11
B ratios for the two groups of objects agree with each other within errors, and are ∼1.5% higher than the chondritic value (= 0.2476, Zhai et al. 1996) . Unfortunately, we were unable to detect resolvable 
Implications for early Solar System irradiation
In principle, the Li-Be-B isotopic compositions of the oldest refractory solids could serve as good probes of irradiation processes in the earliest stages of the Solar System.
In hibonites, unfortunately, only the (1997) and Michel et al. (1997) , or calculated with the TALYS code (Koning et al. 2005 ).
Irradiation of solid hibonite
In this scenario, there was in-situ irradiation of already-formed hibonite grains near , we obtain the following isotopic ratios in hibonite at the end of the irradiation: A quantitative evaluation of how Li isotopes evolved in the grains still requires a detailed understanding of Li diffusion in hibonite and residence time at high temperatures, on which we still lack constraints.
Irradiation of solar gas
In this scenario, proton irradiation of nebular gas was followed by condensation of hibonites. The initial gas composition is taken as the solar composition of Lodders (2003) (2003) and Zhai et al. (1996) , respectively, but we can ignore this discrepancy since it does not have any impact on the conclusion. We estimate the final Be ratio would have to be much higher than observed (e.g., ∼3×10
−2
). In addition, given a high mixing efficiency in a marginally gravitationally unstable disk (e.g., Boss 2008), whether a supra-chondritic gaseous reservoir could have lasted long enough to interact with PLACs is a question.
Another potential problem with this scenario, although it can be very model dependent, is that even if grains exchanged B isotopes with supra-chondritic gas, possible secondary processing in the meteorite parent body could still introduce "normal" B into the PLACs and lower their Be in the early Solar System. It should also be noted that isotopic fractionation associated with recondensation of normal gas onto the grain surface could potentially lead to enrichment of the evidence for this process occurring in the solar nebula is still lacking.
Conclusion
Combining new NanoSIMS measurements of 
